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Description 

BARRIER STACK WITH IMPROVED 
BARRIER PROPERTIES 

Cross Reference to Related Applications 

[0001] This application is a continuation-in-part of patent appli- 
cation entitled "Barrier Stack with Improved Barrier Prop- 
erties", USSN 10/050,246, (attorney docket number: 
2002P00289US) which is herein incorporated by reference 

for all purposes. 
Background of Invention 

[0002] Memory ICs comprise a plurality of memory cells inter- 
connected by bitlines and wordlines. A memory cell in- 
cludes a transistor coupled to a capacitor for storage of a 
bit of information. To realize high density memory ICs, 
the memory cells employ a capacitor over plug structure 
(COP), as shown in Fig. 1. The structure includes a capaci- 
tor 140 having a dielectric layer 146 located between first 
and second electrodes 141 and 142. The capacitor is cou- 
pled to a conductive plug 170. 



[0003] Typically, a high temperature anneal in an oxygen (0 2 ) 
ambient is required to improve the properties of the di- 
electric layer, particularly for high K dielectric and ferro- 
electric materials. During the anneal, diffuses through 
the capacitor and oxidizes the plug. This can lead to per- 
formance degradation and, in some cases, failure as a re- 
sult of increased plug resisitivity or electrical open con- 
nections. 

[0004] jo prevent diffusion of oxygen through the capacitor, a 

barrier layer 148 formed from iridium is provided between 
the lower electrode and the plug. An adhesion layer 149 is 
provided to promote adhesion between the barrier layer 
and interlevel dielectric layer 118, such as silicon dioxide 
(Si0 2 ) or silicon nitride (SiN). Iridium is used due to its 
good barrier properties against CK In conventional pro- 
cessing, the barrier layer and electrode have vertical grain 
boundaries 121 and 123 which connect at the interface 
143, as shown in caption A. The connection of the vertical 
grain boundaries of the layers provides diffusion paths for 
0 2 - At high temperatures (e.g., > 600°C), can easily 
diffuse through the grain boundaries of the barrier layer 
to oxidize the adhesion layer and the plug. 

[0005] Also, in some applications, the upper surface of the plug 



170 is above the upper surface of the dielectric layer 118, 
creating a step 271, as shown in Fig. 2. For example, the 
step is created due to the formation of a silicide layer 272 
above the plug when polysilicon is used to form plug. The 
step has been found to undesirably degrade the structural 
properties of the barrier layer near the corner of the step, 
allowing oxygen to diffuse through the barrier layer and 
oxidizing the plug. 
[0006] pig. 3 shows a TEM of a conventional barrier layer 348 

formed over a plug 370 with a step 371 of about 30 nm in 
height after being subjected to an anneal of about 650°C 
in an ambient for about 2 hours. An adhesion layer 
349 comprising titanium is located beneath the barrier 
layer. As can be seen from the Figure, a top portion 372 
of the plug is oxidized. The oxidization expands the plug, 
creating a bulge 388 which degrades the contact between 
the barrier layer and the plug. This results in high contact 
resistance, which can lead to performance degradation 
and/or failures. 

[0007] prom the foregoing discussion, it is desirable to provide 

an improved barrier layer for reducing oxidation of the 

plug in a capacitor over plug structure. 
Summary of Invention 



[0008] The invention relates to effective barriers against diffusion 

of atoms or molecules, such as O . The barrier, in one 
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embodiment, comprises a barrier stack having a first and 
second barrier layer. The first barrier layer comprises a 
conductive barrier layer while the second barrier layer 
comprises a conductive oxide to enhance the barrier 
properties of the barrier stack. In one embodiment, the 
first barrier layer comprises first and second sub-barrier 
layers. The sub-barrier layers comprise Ir, Ru, Pd, Rh, Hf 
or alloys thereof. The second barrier layer comprises ox- 
ides of Ir, Ru, Pd, Rh, Hf or alloys thereof. In one embodi- 
ment, an RTO is preformed after the formation of the first 
sub-barrier layer to create mismatch grain boundary be- 
tween it and the second sub-barrier layer. An RTO can 
also be performed after the formation of the second sub- 
barrier layer. 
Brief Description of Drawings 

[0009] pig. 1 shows a capacitor on plug structure; 

[0010] pig. 2 shows a capacitor on plug structure with a step 

above the plug; 
[001 1] Fig. 3 shows a TEM of a capacitor on plug structure; 

[0012] Fig. 4 shows a ferroelectric memory cell; 



[0013] pig. 5 shows a group of memory cells arranged in a series 
architecture; 

[0014] pig. 6 shows a barrier stack in accordance with one em- 
bodiment of the invention; 

[0015] Figs. 7-10 show a process for fabricating a capacitor over 
plug in accordance with one embodiment of the invention; 
and 

[0016] Fig. 11 shows a TEM of an experiment conducted on a 

barrier stack formed in accordance with one embodiment 

of the invention. 
Detailed Description 

[0017] The invention relates to barrier stacks which prevent or 
reduce diffusion of elements, such as oxygen. Such bar- 
rier stacks can be employed in, for example, ferroelectric 
capacitor on plug structure to reduce plug oxidation. The 
barrier stack can also be employed in other types of ca- 
pacitors, such as high k or non-high k dielectric capaci- 
tors. Such capacitors can be used to form random access 
memory cells. 

[0018] Fig. 4 shows a ferroelectric memory cell 405 with a tran- 
sistor 430 and a capacitor 440. A second terminal 432 of 
the transistor is coupled to a first terminal 441 of the ca- 
pacitor. Gate 433 and first terminal 431 of the transistor 



are respectively coupled to a wordline 450 and bitline 
460. Coupled to a second terminal 442 of the capacitor is 
a plateline 480. The capacitor uses the hysteresis polar- 
ization characteristic of the ferroelectric material for stor- 
ing information. The logic value stored in the memory cell 
depends on the polarization of the capacitor. To change 
the polarization, a voltage which is greater than the 
switching voltage (coercive voltage) needs to be applied 
across the capacitor's electrodes via the bitline and plate- 
line. The polarization of the capacitor depends on the po- 
larity of the voltage applied. An advantage of the ferro- 
electric capacitor is that it retains its polarization state af- 
ter power is removed, resulting in a non-volatile memory 
cell. 

[0019] a plurality of ferroelectric memory cells can be intercon- 
nected by wordlines and bitlines to form a memory array. 
Interconnecting other types of memory cells, such as dy- 
namic memory cells, is also useful. The memory array can 
include a plurality of memory blocks or subarrays. In one 
embodiment, the memory cells can be configured in a 
folded bitline architecture. Other types of architectures, 
such as series, open or open-folded, are also useful. 

[0020] pig. 5 shows a group 503 of memory cells 505 arranged in 



a series architecture. Series memory architectures are de- 
scribed in, for example, US Patent 5,903,492, which is 
herein incorporated by reference for all purposes. As 
shown, the group of memory cells, each having a capaci- 
tor 540 coupled to a transistor 530 in parallel, are cou- 
pled in series. One end of the group can be selectively 
coupled to a bitline 560 via, for example, select transistor 
508. The other end of the group is coupled to a plateline 
580 while the gates of the cell transistors serve as or are 
wordlines 550. A plurality of such groups are intercon- 
nected by wordlines and bitlines to form a memory block 
or array. 

[0021] pig. 6 shows a barrier stack in accordance with one em- 
bodiment of the invention. In one embodiment, the barrier 
stack is employed in a capacitor over plug structure 606 
to prevent or reduce plug oxidation. The barrier stack can 
also be used in other types of applications where diffusion 
of oxygen or other elements is a concern. 

[0022] The capacitor on plug structure comprises a capacitor 
640. In one embodiment, the capacitor comprises a di- 
electric layer 646 between first and second electrodes (top 
and bottom) 641 and 642. For a ferroelectric capacitor, 
the dielectric layer comprises a ferroelectric material, such 



as lead zirconium titanate (PZT). Strontium bismuth tanta- 
late(SBT) or other types of ferroelectric materials are also 
useful. The electrodes, for example, comprise a noble 
metal such as platinum. Other types of conductive materi- 
als, for example, SrRuO , La Sr O , LaNiO , or YBa Cu 
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3 0 7 , are also useful. The upper and lower electrodes can 
be formed from the same or different materials. Other 
types of dielectric and electrode materials can also be 
useful. For example, non-ferroelectric materials can also 
be used to form the dielectric layer, such as high k or 
non-high k materials, to form non-ferroelectric capaci- 
tors. 

[0023] a conductive plug 670 is electrically coupled to the capac- 
itor. In one embodiment, the conductive plug is coupled 
to the bottom electrode of the capacitor. The plug is 
formed from a conductive material such as polysilicon 
(poly-Si) or tungsten (W). When poly-Si is used, a metal 
silicide layer can be formed on the surface of the plug. 
Other conductive materials are also useful. For some ap- 
plications, the upper surface of the plug protrudes above 
an interlevel dielectric layer 618, creating a step. The 
height of the step, for example, is about 5 -lOOnm. Pro- 
viding a plug without the step is also useful. 



[0024] The plug is, for example, coupled to a diffusion region of 
a transistor of the memory cell. The gate of the transistor 
is coupled to a wordline and the other diffusion region is 
coupled to the bitline. The top electrode is coupled to, for 
example, a plateline. For series architecture, the top elec- 
trode is coupled to the other diffusion region. Coupling 
the top electrode to a reference voltage, such as V dd /2 is 
also useful, particularly for DRAM applications. 

[0025] jo prevent oxidation of the plug, a barrier stack 690 is lo- 
cated between the lower electrode and the plug. An adhe- 
sion layer 649 is provided between the plug and barrier 
stack to promote adhesion of the barrier layer to the in- 
terlevel dielectric layer. The adhesion layer can be formed 
from, for example, titanium (Ti), tantalum (Ta), titanium 
nitride/titanium (TiN/Ti), tantalum nitride/tantalum 
(TaN/Ta), tantalum nitride/titanium (TaN/Ti) or other ad- 
hesion promoting materials. In applications where the 
plug comprises polysilicon, a silicide pre-layer, such as ti- 
tanium silicide (TiSi), is used to reduce or minimize con- 
tact resistance between the plug and adhesion layer. The 
adhesion layer can also serve to reduce or minimize diffu- 
sion of silicon (Si) from the plug into the barrier layer. 
Typically, the adhesion layer is about 1 - 20nm thick while 



the barrier layer is about 1 -lOOnm thick. Other layer 
thicknesses are also useful. 

[0026] | n accordance with one embodiment of the invention, the 
barrier stack comprises at least first and second barrier 
layers 648 and 668. The barrier layers are, in one embod- 
iment, conductive, creating a conductive barrier stack to 
electrically couple the lower electrode to the plug. In one 
embodiment, the first barrier layer comprises iridium (Ir). 
Other types of barrier material, such as ruthenium (Ru), 
rhodium (Rh), palladium (Pd) hafnium (Hf) or a combina- 
tion or alloys thereof, are also useful. The first barrier 
layer is disposed below the second barrier layer. The 
thickness of the first barrier layer is about lOnm - 1 urn. 

[0027] j n e second barrier layer comprises a conductive oxide. In 
one embodiment, the conductive oxide comprises iridium 
oxide (Ir0 2 ). Conductive oxides formed from other types 
of conductive barrier materials are also useful. For exam- 
ple, oxides of conductive barrier materials, such as Ru, 
Rh, Pd, Hf or a combination or alloys thereof, can be used. 
The conductive oxide is formed by, for example, sputter- 
ing, PVD, CVD, CSD, spin-on, or hydro-thermal synthesis 
techniques. Other techniques for forming the conductive 
oxide are also useful. The thickness of the second barrier 



layer is typically about 5nm to 1 urn. 
[0028] | n accordance with another embodiment of the invention, 
the first layer of the barrier stack comprises at least first 
and second sub-barrier layers 648a-b. The sub-barrier 
layers, for example, comprise iridium (Ir). Other types of 
barrier materials, such as ruthenium (Ru), rhodium (Rh), 
palladium (Pd), hafnium (Hf) or alloys thereof, are also 
useful. The different sub-barrier layers can be formed 
from either the same or different materials. Preferably, the 
first and second sub-barrier layers comprise the same 
material. More preferably, the sub-barrier layers comprise 
Ir. 

[0029] The grain boundaries 623 and 621 of the sub-barrier lay- 
ers, in one embodiment, are mismatched (e.g., not 
aligned). By mismatching the grain boundaries, the inter- 
face 647 between the different sub-barrier layers serve to 
block the diffusion path of elements, such as O^, thus im- 
proving the barrier properties of the barrier stack. The 
grain boundaries of the second sub-barrier layer and sec- 
ond barrier layer can also be mismatched to further im- 
prove the barrier properties of the barrier stack. 

[0030] | n 0 ne embodiment, the grain boundaries at or near the 
surface of the first sub-barrier layer are passivated (e.g., 



stuffed). In one embodiment, elements larger than the 
grain boundaries are used to passivate the grain bound- 
aries at or near the surface of a barrier layer. Such ele- 
ments block the grain boundaries, eliminating the diffu- 
sion path to the plug. In one embodiment, the grain 
boundaries are passivated with CK Other elements may 
also be used to passivate the grain boundaries. Various 
techniques, such as an anneal in an oxidizing ambient, 
can be used to passivate the grain boundaries. Oxidizing 
ambient includes, for example, ozone (O^ or NO 
. Other techniques for passivating the grain 
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boundaries, which include forming a thin oxide layer over 
the barrier layer, are also useful. The thin oxide layer can 
be formed by, for example, thermal oxidation. Other 
techniques can also be used. By passivating the grain 

boundaries, the diffusion of O is further inhibited. 
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[0031] | n a preferred embodiment, the grain boundaries are pas- 
sivated using a rapid thermal oxidation (RTO) process. 
The RTO also forms a thin oxide layer on the surface of 
the barrier layer. The thin oxide layer advantageously pro- 
motes mismatching of the grain boundaries between the 
first and second layer. In another preferred embodiment, 
the grain boundaries at or near the surface of the second 



barrier layer are also passivated with to further im- 
prove the barrier properties of the barrier stack. 

[0032] Additional sub-barrier layers can be included in the first 
barrier layer. The grain boundaries of adjacent barrier lay- 
ers are preferably mismatched. In one embodiment, at 
least the grain boundaries of the bottom barrier layer are 
passivated at or near its surface. Preferably, the grain 
boundaries of some or all the barrier layers are passivated 
at or near their surfaces. Using multiple sub-barrier layers 
with mismatched boundaries improves the barrier proper- 
ties of the stack, advantageously enabling the use of thin- 
ner barrier stack or layer without sacrificing reliability. 

[0033] Referring to Figs. 7-9, a process for fabricating the barrier 
stack in accordance with one embodiment is shown. The 
barrier stack is employed, for example, to reduce or pre- 
vent oxidation of a plug in a capacitor over plug structure 
of a memory cell. As shown, a substrate 701 is shown. 
The substrate comprises a semiconductor substrate such 
as silicon. Other types of substrate, such as silicon on in- 
sulator, can also be used. The substrate is prepared with 
an ILD 718 formed thereon. The ILD, for example, com- 
prises Si0 2 - Other types of dielectric materials, such as 
silicon nitride (SiN), are also useful. A plug 770, which for 



example is coupled to a diffusion region of a transistor 
730, is formed in the ILD. The plug can be formed from 
tungsten or poly-Si. Other types of conductive materials 
are also useful. Various known deposition and patterning 
techniques can be used to provide the prepared substrate. 
In one embodiment, a top surface of the plug is above the 
surface of the ILD layer, creating a step 771. Alternatively, 
the top surface of the plug can be co-planar or below the 
surface of the ILD layer. 

[0034] Referring to Fig. 8, an adhesion layer 849 is deposited 

over the dielectric layer. The adhesion layer comprises, for 
example, titanium (Ti). Other types of adhesion layers, 
such as tantalum (Ta) or titanium nitride/titanium 
(TiN/Ti), tantalum nitride/tantalum (TaN/Ta), tantalum ni- 
tride/titanium (TaN/Ti), or other adhesion promoting ma- 
terials can also be used. The adhesion layer is deposited 
by conventional techniques. Such techniques include, for 
example, DC sputtering or chemical vapor deposition 
(CVD). If the plug comprises poly-Si, a pre-layer compris- 
ing silicide is formed on the ILD prior to the adhesion 
layer, he silicide layer can be formed by, for example, an- 
nealing of sputtered metal on poly-Si. 

[0035] The process continues to form the layers of the barrier 



stack 890. In one embodiment, the process continues to 
form first and second barrier layers 848 and 868. In one 
embodiment, the first barrier layer comprises a conductive 
material which serves as a barrier for elements, such as O 
. Conductive barrier materials which serves as a barrier to 
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other elements are also useful. In one embodiment, the 
first barrier layer comprises Ir. Alloys of Ir are also useful. 
Other types of barrier layer, such as Ru, Rh, Pd, Hf or al- 
loys thereof, can also be used. Various known techniques, 
including chemical vapor deposition (CVD), chemical solu- 
tion deposition (CSD), electro-plating, hydro-thermal syn- 
thesis or physical vapor deposition (PVD) can be used to 
form the barrier layer. 
[0036] | n one embodiment, the second barrier layer comprises a 
conductive oxide. Preferably, the second barrier layer en- 
hances the barrier properties of the first barrier layer. In 
one embodiment, the second barrier layer comprises IrCK 
Other conductive oxides, such as oxides of Ru, Rh, Pd or a 
combination thereof, are also useful. In one embodiment, 
the conductive oxide is formed by reactive-sputtering us- 
ing oxygen gas. Other techniques such as PVD, CVD, elec- 
tro-plating, spin-on or hydro-thermal synthesis are also 
useful. 



[0037] | n accordance with another embodiment of the invention, 
the first barrier layer comprises first and second sub- 
barrier layers 848a-b. The sub-barrier layers comprise, 
for example, Ir. Other types of materials which can serve 

as a barrier to elements, such as O , are also useful. For 
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example, Ru, Rh, Pd, alloys or a combination thereof, can 
be used to form the first sub-barrier layer. It is under- 
stood that the first and second sub-barrier layers need 
not be formed from the same material. 

[0038] | n 0 ne embodiment, the grain boundaries of the first and 
second sub-barrier layers are deposited on the substrate 
such that the grain boundaries of the sub-barrier layers 
are mismatched. The sub-barrier layers are formed by 
various techniques. Such techniques, for example, in in- 
clude PVD, CVD, electro-plating, spin-on and hydro- 
thermal synthesis. Other techniques are also useful. 

[0039] in one embodiment, the grain boundaries at or near the 
surface of a first sub-barrier layer are passivated. Prefer- 
ably, the grain boundaries are passivated with elements 
larger than the grain boundaries are used to passivate the 
grain boundaries to block them as diffusion paths to the 
plug. More preferably, the grain boundaries are passivated 
with O . Other elements may also be used to passivate the 



grain boundaries. In one embodiment, an anneal in an ox- 
idizing ambient is performed after the formation of the 
first sub-barrier layer to passivate its grain boundaries. 
Oxidizing ambient includes, for example, O^, ozone (0 3 ) 
or NO . Preferably, the first sub-barrier layer is 
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passivated using an RTO process. The RTO, for example, 
is performed at a temperature of 400-700°C for about 
5-600 sec. Other techniques, such as thermal oxidation, 
for passivating the grain boundaries are also useful. 

[0040] | n one embodiment, mismatch in grain growth can be fa- 
cilitated by depositing a thin conductive layer 848c over 
the first sub-barrier layer which is of a different material. 
The conductive layer, for example, comprises a conductive 
oxide. Alternatively, using different first and second sub- 
barrier layers are also useful. In yet another embodiment, 
different process parameters can be used to deposit the 
first and second sub-barrier layers to promote different 
grain growth (e.g., different grain sizes). 

[0041] in another embodiment, after the second sub-barrier is 
formed, an anneal in an oxidizing ambient is performed. 
Preferably, the anneal comprises an RTO in an oxidizing 
ambient. The anneal forms an oxide layer over the second 
sub-barrier layer as well as stuffing the grain boundaries 



near the surface of the second sub-barrier layer. 

[0042] Referring to Fig. 9, the process continues to form the ca- 
pacitor on the barrier stack. In one embodiment, the pro- 
cess continues to form a ferroelectric capacitor. Forming 
other types of capacitors are also useful. The process in- 
cludes sequentially forming first conductive electrode 
layer 941, ferroelectric layer 946, and second electrode 
layer 942. The electrode, for example, comprises a noble 
metal. Other types of conductive materials can also be 
used. In one embodiment, the ferroelectric material com- 
prises PZT. Other types of ferroelectric materials, such as 
SBT, are also useful. Various known techniques are can be 
used to form the different layers of the capacitor. Such 
techniques, for example, include CVD, chemical solution 
deposition (CSD), electroplating, hydro-thermal synthesis, 
or physical vapor deposition (PVD). 

[0043] As shown in Fig. 10, the various layers on the ILD are pat- 
terned to form the capacitor over plug structure. The lay- 
ers are patterned using, for example, conventional mask 
and etch techniques. Alternatively, the various capacitor 
layers can be patterned in multiple processes. For exam- 
ple, ferroelectric layer and top electrode can be patterned 
first, followed by patterning of the bottom electrode, bar- 



rier stack, and adhesion layer. Such two step processes 
are useful for forming capacitor pairs, such as those used 
in series architectures. Also, the bottom electrode layer 
and layers beneath can be first patterned followed by de- 
position and patterning of other layers of the capacitor. 
Other techniques for forming the capacitor are also use- 
ful. 

[0044] | n one embodiment, the substrate is annealed after the 

capacitor is formed. The anneal is performed in an oxygen 
ambient to recover the electrical characteristics of the ca- 
pacitor. The anneal, for example, is performed at a tem- 
perature of about 500-800°C for about 1 minute to 5 
hours. During the anneal, oxygen diffuses through the 
layers of the capacitor. However, the barrier stack pre- 
vents or reduces the diffusion of oxygen to the plug, im- 
proving plug reliability. 

[0045] Experiments 

[0046] pig. 11 shows aTEM of COP test structure 1101 which in- 
cludes a barrier stack formed in accordance with different 
embodiments of the invention. The test structures include 
a polysilicon plug 1170 formed in a Si0 2 ILD layer 1118. 
The plug includes a 30 nm step above the ILD layer. A 10 
nm thick titanium layer 1149 is sputter deposited over the 



plug. The titanium layer serves as an adhesion layer, pro- 
moting adhesion between the ILD and a barrier stack 
1190. 

[0047] The barrier stack includes first and second barrier layers 
1148 and 1168. The first barrier layer comprises first and 
second sub-barrier layers 1148a-b. The sub-barrier lay- 
ers each comprises about 60 nm thick Ir deposited by 
sputtering. After the first sub-barrier layer is formed, an 
RTO is performed followed by deposition of the second 
sub-barrier layer. An RTO is also performed after the sec- 
ond sub-barrier layer is deposited. The second barrier is 
formed over the first barrier layer. The second barrier 
layer comprises a 50 nm thick Ir0 2 layer formed by reac- 
tive sputtering technique using oxygen gas. Above the 
barrier stack is a 10 nm thick platinum layer 1188. 

[0048] The structure was subjected to an anneal in at 650°C 
for about 2 hours. As can be seen from the TEM, the bar- 
rier stack was effective in reducing or preventing plug ox- 
idation, evidenced by the relatively clean interface line 
1196 between the barrier and plug as well as the consis- 
tent texture of the plug. 

[0049] while the invention has been particularly shown and de- 
scribed with reference to various embodiments, it will be 



recognized by those skilled in the art that modifications 
and changes may be made to the present invention with- 
out departing from the spirit and scope thereof. The 
scope of the invention should therefore be determined not 
with reference to the above description but with reference 
to the appended claims along with their full scope of 
equivalents. 



